Objective To compare the effectiveness of discontinuing treatment with amoxicillin after three days or eight days in adults admitted to hospital with mild to moderate-severe community acquired pneumonia who substantially improved after an initial three days' treatment. Design Randomised, double blind, placebo controlled non-inferiority trial. Setting Nine secondary and tertiary care hospitals in the Netherlands. Participants Adults with mild to moderate-severe community acquired pneumonia (pneumonia severity index score ≤ 110). Interventions Patients who had substantially improved after three days' treatment with intravenous amoxicillin were randomly assigned to oral amoxicillin (n = 63) or placebo (n = 56) three times daily for five days. Main outcome measures The primary outcome measure was the clinical success rate at day 10. Secondary outcome measures were the clinical success rate at day 28, symptom resolution, radiological success rates at days 10 and 28, and adverse events. Results Baseline characteristics were comparable, with the exception of symptom severity, which was worse in the three day treatment group. In the three day and eight day treatment groups the clinical success rate at day 10 was 93% for both (difference 0.1%, 95% confidence interval − 9% to 10%) and at day 28 was 90% compared with 88% (difference 2.0%, − 9% to 15%). Both groups had similar resolution of symptoms. Radiological success rates were 86% compared with 83% at day 10 (difference 3%, − 10% to 16%) and 86% compared with 79% at day 28 (difference 6%, − 7% to 20%). Six patients (11%) in the placebo group and 13 patients (21%) in the active treatment group reported adverse events (P = 0.1). Conclusions Discontinuing amoxicillin treatment after three days is not inferior to discontinuing it after eight days in adults admitted to hospital with mild to moderate-severe community acquired pneumonia who substantially improved after an initial three days' treatment.
Introduction
In recent guidelines for the treatment of community acquired pneumonia many recommendations could be supported by sound clinical evidence.
1- 3 The duration of antibiotic therapy is, however, an exception. The usual treatment recommendation of 7-10 days for uncomplicated pneumonia is not based on scientific evidence but has nevertheless gained acceptance over the years. Two older studies in adults have suggested that a significantly shorter duration than 7-10 days might be justified. 4 5 These studies do not, however, meet the required standards of clinical trials.
If a shorter duration of therapy is equally effective, this can be of major importance in decreasing antibiotic consumption. On a population level there is a clear relation between total antibiotic consumption and resistance rates of the pathogens. [6] [7] [8] Prolonged or repeated courses of antibiotics provide the selective pressure that favours the emergence of resistant isolates. Resistance rates among common respiratory pathogens for several antimicrobial agents are increasing. 9 Decreasing the duration of antibiotic treatment in respiratory tract infection might therefore decrease resistance rates. A five day, high dose course of amoxicillin for respiratory tract infections in children resulted in a significantly lower rate of carriage of penicillin resistant Streptococcus pneumoniae than the standard duration of treatment. 10 11 Two recent studies in children with non-severe pneumonia showed that three days' treatment with oral amoxicillin was as clinically effective as five days' treatment. 12 13 We carried out a randomised, double blind, placebo controlled, multicentre trial in adults admitted to hospital with mild to moderate-severe community acquired pneumonia to find out whether discontinuing treatment with amoxicillin after three days in patients showing substantial improvement is as effective as conventional treatment for eight days.
Participants and methods
The study was carried out in nine hospitals in the Netherlands between November 2000 and July 2003. Eligible patients were aged 18 years or more and had presented with clinical signs of pneumonia, a body temperature greater than 38°C, radiological evidence of a new infiltrate consistent with pneumonia, and a pneumonia severity index score of 110 or less.
14 This index stratifies patients according to risk of death within 30 days. We also considered patients aged 65 years or more with a temperature below 38°C as eligible if they had evident clinical signs of pneumonia and abnormalities on a chest radiograph.
We excluded pregnant women and patients with a history of allergy to amoxicillin; neutropenia ( < 1.0×10 9 /l); HIV infection with an indication for prophylaxis against pneumocystis pneumonia; agammaglobulinaemia; asplenia; life expectancy less than one month; treatment with an effective antimicrobial agent for more than 24 hours before admission; any other infection necessitating treatment with systemic antibiotics; recent admittance to a hospital or nursing home; serious respiratory insufficiency (arterial partial pressure of oxygen < 6.67 kPa); admittance to an intensive care unit; empyema; and suspicion of aspiration, atypical, Klebsiella, or staphylococcal pneumonia.
Study design
We treated patients, who had given written informed consent, with intravenous amoxicillin, the preferred empirical treatment in the Netherlands for mild to moderate-severe community acquired pneumonia. 15 After 72 hours of treatment we rated four respiratory symptoms (dyspnoea, cough, coughing up sputum, colour of sputum) and general improvement on a five point symptom scale each. For respiratory symptoms the scales ranged from − 2 (worsening) to 3 (complete recovery) and for general improvement from − 2 (not recovered) to 3 (completely recovered). Patients who improved by two or more points on this scale, who had a temperature less than 38°C, and who were able to take oral drugs were randomised to 750 mg oral amoxicillin or placebo three times daily for five days. In case a causative pathogen was isolated, the pathogen had to be susceptible to amoxicillin.
The randomisation scheme was generated centrally in site specific blocks of four, with two sets of amoxicillin and two of placebo in each block. Allocation of the study drug was double blind. An independent safety monitoring committee evaluated all treatment failures after 50 patients had been randomised, and after 100 randomisations. Their first evaluation resulted in the additional exclusion criterion of a substantial amount of pleural fluid on chest radiography.
Assessments
We evaluated eligible patients at enrolment into the study and after three days of treatment. Randomised patients were further evaluated at days 7, 10 (two days after treatment ended), 14, and 28.
At baseline we obtained a complete medical history and a sample of sputum for culture. We scored pneumonia related symptoms (30 days before admission and at enrolment) using the community acquired pneumonia score, which is based on a short questionnaire. This validated questionnaire contains eight items for adults admitted to hospital with mild to moderatesevere community acquired pneumonia, 16 based on respiratory symptoms and on wellbeing. Low values indicate more severe symptoms.
At each follow-up we repeated the evaluation of community acquired pneumonia score, a physical examination including vital signs, laboratory analyses, and sputum cultures. At baseline and day 28 we collected serum for determination of antibodies against respiratory viruses, Mycoplasma pneumoniae, Legionella pneumophila, and Chlamydia pneumoniae. Chest radiography was carried out at baseline and at day 10. In case of persistence of chest abnormalities, radiography was repeated at day 28. Adverse events were recorded up to day 10.
Outcome measures
We assessed study outcomes at day 10, indicated as test of cure, and at late follow-up (day 28). Our primary outcome measure was clinical cure rate at test of cure. Secondary outcome measures were clinical success rates at late follow-up, severity of symptoms, bacteriological and radiological success rates, all at test of cure and late follow-up, length of hospital stay, and adverse events.
We assessed clinical cure using established definitions, with some small adjustments (box). 17 All cases not meeting the criteria for cure were classified by an independent clinical review committee as either treatment failures or indeterminate using a majority rule, before unblinding of study treatment. Symptom resolution was assessed using the community acquired pneumonia score. 16 Bacteriological outcome was assessed at test of cure and late follow-up using established definitions. 17 Radiological outcome was assessed at test of cure and late follow-up (see box for definitions).
Statistical analysis
The study was designed to exclude inferiority of early discontinuation of amoxicillin treatment, defined with a 10% margin in the clinical success rate. Following established guidelines 17 we evaluated clinical outcome in a per protocol analysis, including all randomised patients who had been given the study drug for a minimum of 24 hours (in case of treatment failure) or who had taken at least 80% of the study drug (in case of clinical cure), and who completed follow-up 17 (that is, excluding indeterminate cases). 17 
Definitions of clinical and radiological responses

Clinical response
Test of cure
Cure-resolution or improvement of symptoms and clinical signs related to pneumonia without the need for additional or alternative antibiotic therapy Failure-persistence or progression of all signs and symptoms of the acute process after randomisation or the development of a new pulmonary or extrapulmonary respiratory tract infection, or the progression of abnormalities on chest radiograph after randomisation, or death due to pneumonia, or the inability to complete the study owing to adverse events Indeterminate-patient receives less than 80% of the study drug for reasons other than clinical failure, a concomitant infection outside the respiratory tract requiring antibiotic treatment, lost to follow-up, or death unrelated to the primary diagnosis
Late follow-up
Cure-continued resolution or improvement of symptoms and clinical signs related to pneumonia without the need for additional or alternative antibiotic therapy Recurrence-new or worsened signs and symptoms of pneumonia or another respiratory tract infection in a patient who was cured at the visit for test of cure Indeterminate-lost to follow-up, a concomitant infection outside the respiratory tract requiring antibiotic treatment, or death unrelated to the primary diagnosis
Radiological response
Resolved
Areas of consolidation completely resolved
Improved
Areas of consolidation still exist but show evidence of clearing
Unchanged or worse
Areas of consolidation remain unchanged or show increased density
In addition, we included in an intention to treat analysis all randomised patients who received at least one dose of the study drug. In this analysis we considered indeterminate cases as treatment failures. We carried forward all treatment failures and indeterminate cases at test of cure in the analyses at late follow-up.
We analysed bacteriological outcome only in patients with an isolated pathogen at entry to the study. At test of cure and late follow-up we defined bacteriological success as demonstrated eradication or presumed eradication (in patients who were clinically cured), and bacteriological failure as persistence 17 or presumed persistence (in patients who were considered clinical failures). All other cases were considered indeterminate for analyses. We defined radiological outcome as success in patients with resolved or improved chest abnormalities and as failure with persistent or worsened chest abnormalities. 17 We considered patients without repeated chest radiography at test of cure or end of follow-up (in case of persistence of chest abnormalities at test of cure) as indeterminate at those assessments.
We calculated differences in success rates, with 95% confidence intervals. Bootstrap confidence intervals were used to estimate the mean length of hospital stay and the difference between the two groups.
Results
A total of 186 patients were enrolled in the study (fig 1) . Between enrolment and randomisation (day 3) 19 patients withdrew their consent for participation, 41 did not meet the prespecified criteria for randomisation, and five were not randomised for other reasons. In total, 121 patients were randomised, of whom two were subsequently excluded because of protocol violations, leaving 119 patients.
The treatment groups had similar baseline characteristics, except for number of smokers and symptoms at admission, which were more severe in the three day treatment group (table  1 and fig 2) . Pathogens were detected in 64 of the 119 (54%) patients. Pneumonia was caused by a single organism in 84%: 92% in the three day treatment group and 75% in the eight day treatment group.
The 46 patients who did not qualify for randomisation after three days of treatment were similar to the randomised patients for all personal and baseline characteristics (data not shown). The contribution of Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa, however, was higher in the nonrandomised group (20% v 1.7%). During follow-up, antibiotic treatment was more often switched in the non-randomised group (37% v 11%), parapneumonic effusions occurred more often (11% v 2.4%), and the average length of hospital stay was significantly longer (11 days v 6 days; P < 0.01). Table 2 shows the clinical success rates at test of cure. Overall, four treatment failures occurred in each group. In the per protocol analysis the cure rates were 93% (50/54) in the three day treatment group compared with 93% (56/60) in the eight day treatment group (difference 0.1%, − 9% to 10%). In the intention to treat analysis 50 of 56 patients (89%) in the three day treatment group and 56 of 63 (89%) in the eight day treatment group were considered cured (difference 0.4%, − 11% to 12%). 
Primary outcome measures
Secondary outcomes
At end of follow-up the cure rates in the per protocol analysis were 90% (47/52) in the three day treatment group compared with 88% (49/56) in the eight day treatment group (difference 2%, − 9% to 15%). In the intention to treat analysis the cure rates were 84% in the three day treatment group and 78% in the eight day treatment group (difference 6%, − 8% to 20%). In the three day treatment group all treatment failures or recurrences were observed before the 11th day, whereas in the eight day treatment group they continued to occur until the end of follow-up (fig 3) . One of the five patients who was a treatment failure or had a recurrence in the three day treatment group presented initially with confirmed pneumococcal pneumonia (S pneumoniae identified in sputum or blood culture) compared with five of seven patients in the eight day treatment group. At test of cure a community acquired pneumonia score was available for 47 of the 56 patients in the three day treatment group and for 56 of 63 patients in the eight day treatment group (fig 2) . The median score was 57 in the three day treatment group and 62 in the eight day treatment group. The baseline adjusted score at test of cure was 0.5 points ( − 9 to 9 points) in favour of the three day treatment regimen.
At late follow-up the community acquired pneumonia score was available for 51 of the 56 patients in the three day treatment group and for 55 of the 63 patients in the eight day treatment group (fig 2) . The median score was 82 in the three day treatment group and 74 in the eight day treatment group. Table  2 shows the bacteriological and radiological outcomes. The bootstrap estimated mean length of hospital stay was 7.9 days All analyses were by intention to treat, unless indicated otherwise.
(6.5 to 9.3 days) in the three day treatment group compared with 8.9 days (6.8 to 11 days) in the eight day treatment group, with a bootstrap estimated mean difference of 1.0 day ( − 1.3 to 3.2 days). Six patients (11%) in the three day treatment group compared with 13 patients (21%) in the eight day treatment group (P = 0.1, 2 test) reported mild adverse events during or at the end of treatment. Allergy was reported only in the eight day treatment group (n = 3).
Discussion
Discontinuing amoxicillin treatment after three days is not inferior to discontinuing it after eight days in adults admitted to hospital with mild to moderate-severe community acquired pneumonia who show substantial improvement after an initial three days' treatment. We could exclude a substantial difference in clinical success rate with a shorter treatment duration at test of cure in the per protocol analysis and at late follow-up in both the per protocol and the intention to treat analyses. In patients with (bacteraemic) pneumococcal pneumonia, treatment failure did not occur more often with short treatment duration. Both groups were also similar for symptom resolution (community acquired pneumonia scores), radiological outcomes, and mean length of hospital stay.
Our study has several potential limitations. At baseline we observed more severe symptoms (low community acquired pneumonia score) and a higher percentage of smokers in the three day treatment group. Yet we found no significant differences in the primary and secondary outcomes with the three day treatment.
In our study design we followed the Chow criteria, 17 which state that the primary outcome measure should be evaluated three days after the end of treatment. This implies that recurrences in the eight day treatment group were not included as treatment failures at test of cure, which puts the three day treatment group to disadvantage.
Our results apply only to patients with mild to moderatesevere community acquired pneumonia who substantially improved after three days' amoxicillin treatment. The conclusions do not apply to the population with severe community acquired pneumonia-that is, those with a pneumonia severity index score of more than 110 or serious respiratory insufficiency. We also excluded patients with a severe immunodeficiency syndrome or a significant amount of pleural fluid. Yet of all patients with community acquired pneumonia evaluated in hospital, 60% to 80% have a pneumonia severity index score below 110, and so do most of the patients who are not admitted to hospital with pneumonia, 14 including those seen by general practitioners. Our study group is comparable to that of other studies of community acquired pneumonia for most baseline characteristics such as sex, age, smoking, isolated microorganisms, the extent and distribution of chest abnormalities, [18] [19] [20] [21] [22] [23] and the distribution of patients among the classes I-IV on the pneumonia severity index score.
Finally, although the outcomes were comparable in both treatment groups in our study, our sample size was moderate and the possibility of chance findings cannot be fully excluded. Additional trials will have to confirm the non-inferiority of a shorter duration of treatment in adults with mild to moderate-severe community acquired pneumonia who have substantially improved after three days of treatment.
Two recent studies have convincingly shown similar clinical effectiveness with three days' oral amoxicillin treatment in children with non-severe pneumonia to that of five days' treatment. 12 13 The treatment failure rate in these studies was around 15%-20%, suggesting that childhood pneumonia is not a more benign condition than that of the patients we studied. Studies that have assessed the optimal duration of treatment in adults with community acquired pneumonia are rare. Two studies published in 1970 and 1983 showed that short course treatment in adults with moderately severe pneumonia was as effective as a traditional treatment for 5-6 days. 4 5 As these studies were not carried out according to the currently required quality standards of clinical trials, their results have not been implemented in clinical practice. The effectiveness of 3-5 days of azithromycin is equivalent to that of longer treatment with a control agent. [24] [25] [26] As azithromycin has a prolonged half-life, these data cannot be extended to other antibiotics. One other study compared 750 mg levofloxacin daily for five days with 500 mg daily for 10 days in the treatment of mild to severe community acquired pneumonia. 18 No statistically significant differences were found between the treatment durations.
Antibiotics used for infections of the upper and lower respiratory tract account for 75% of prescriptions in the community. 27 Community acquired pneumonia is also one of the most important indications for antibiotic prescriptions in hospitals. A decrease in treatment duration may therefore have a significant effect on overall antibiotic consumption. As antibiotic consumption is the most important determinant of antimicrobial resistance, 6-8 a shorter duration of treatment can help contain the growing resistance rates among respiratory pathogens. 
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